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(S4)ritle: FUGHI SIMULATOR 




(57) Abstract 

A flight simulator having an operator station (10) attached to a stnictural support firame (24) through an articulating member (26) 
piovides limited angular rotation about a first axis and unlimited angular rotatioo about a second axis for snnulation of motion of an aircraft 
The articulating member incoiporates a rotating head (28) pivotalJy mounted to a support pylon (36). An axle running through the supp^t 
pylon and aftarhf*< to the rotating head tfaroagb a universal joint enabtes unlimited rotation of the head. A linear actuator (53) attached 
through a lever aim (50) provides leverage for pivotal motioD of the rotataog head about the transveise axis. 
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10 FLIGHT SIMULATOR 

Background of the Invention 

1. Field of the Invention 

The present invention relates generally to the field of amusement 
1 5 rides which simulate aircraft or space flight with visual presentations and motion. 
In particular the flight simulator provides for independent control of rotation 
about a pitch axis and roll axis including the capability for complete Inversion of 
an occupant station simulating a cockpit. 

20 2. Prior Art 

Motion simulators for training and amusement are well known in 
the art. Aircraft simulators for use by the military and airlines incorporate highly 
sophisticated hydraulic drive systems often offering up to six axes of motion for 
relatively short dimensional excursions. Amusement rides offering motion 

25 simulation for automobiles, space flight, aircraft and other fantasy travel have 
typically employed technology very similar to the high fidelity training simulators 
while somewhat reducing complexity and cost. A typical system employs a 
platform having an occupant station which incorporates a means for visual 
simulation through motion picture or computer-generated scenery imaging. The 

30 occupant platform is mounted on or suspended from multiple hydraulic actuators 
which impart motion to the platform. The number and mounting location of the 
actuators is determined in engineering tradeoffs for size of the actuators and the 
equations of motion to be used for the simulation. Three actuator systems and 
six actuator systems are common with mounting in a triangular pattern on the 

35 motion platform. 

The cost and complexity of such hydraulic systems can be excessive for 
many applications, particularly in the amusement field where a reduction in 
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1 fidelity is allowable, however full range of motion is still desired. In addition 

hydrauncally operated systems such as those described cannot provide a 
complete Inversion of the occupant station. Inversion of the occupant station 
may In certain cases reduce the fidelity of the motion simulation, however, 

5 particularly in the field of amusement rides a greater range of motion to provide 

excitement for a ride, even though strict equations of motion for a space craft 
or aircraft being simulated are not followed, may be preferable. 

The present invention provides a low-cost mechanically-robust system for 
motion control of an operator station in a simulator applicable to either the 

1 0 training or amusement roll. In addition the present invention allows for complete 
inversion and 360 degree rotation In a roll axis for the operator station. 

gMmmary of the Invention 

The flight simulator of the present invention incorporates an operator 

15 station having seating and operating controls for an occupant. A visual 
simulation Is incorporated within the operator station. 

The operator station is attached to a structural support frame through an 
articulating member providing limited angular rotation about a first axis and 
unlimited angular rotation about a second axis. The articulating member 

20 incorporates a rotating head pivotally mounted to a support case. An axle 
running through the support case and attached to the rotating head through a 
universal joint enables unlimited rotation of the head. A linear actuator attached 
through a lever arm provides leverage for pivotal motion of the rotating head 
about a transverse axis. 

25 Power is supplied to the axle for rotation of the head by a first motor and 

gear reduction system while the linear actuator Is operated by a second motor 
and reduction system. Each motor is controlled through a servo power amplifier 
which is in turn driven by a two axis motion controller. 

Inputs from the controls in the operator station are provided to a control 

30 computer which provides commands to the two axis motion controller for 
creating motion in the linear actuator and rotating head derived from control 
equations in response to the motion of the operator controls. » 

35 
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1 Brief Description of the Drawings 

Details of the present invention will be more clearly understood with 
reference to the following dravyings: 

FIG. 1 is a side view of the structural and mechanical arrangement of a 
5 first embodiment of the invention. 

FIG. 2 is a front sectional view taken along line 2-2 of FIG. 1 and 
FIG. 3 is a block schematic of the control system for the embodiment of 
the flight simulator shown in FIGS. 1 and 2. 

10 
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1 Detailed Description of the Invention 

Referring to the drawings FIG. 1 discloses a first embodiment of the 
invention for a single seat motion simulator. The operator station or seat capsule 
1 0 incorporates a structural cage 1 2 mounted to a back plane 1 4. A capsule 

5 floor 1 6 is mounted in the cage to support a seat 1 8 and operator controls in the 

form of an aircraft type stick 20. A visual display 22 is mounted in the cage 
relative to the seat to simulate the view through an aircraft wind screen. A 
suitable covering not shown for the capsule is employed to exclude extraneous 
light and other visual input which would be detrimental to the simulation. Those 

10 skilled in the art will recognize that additional video displays may be employed 
to simulate views out the side of an aircraft cockpit to enhance the realism of the 
simulation. 

The seat capsule is mounted to a structural support frame 24 which in the 
embodiment shown comprises steel I-beams welded and/or bolted together to 

1 5 provide proper positioning and clearance for the seat capsule from the floor or 
other obstructions while providing sufficient support and stability for the overall 
simulator while the seat capsule is in motion. An articulating member 26 
provides physical attachment of the seat capsule to the structural frame. 

The articulating member constitutes a rotating head 28 which 

20 incorporates a plurality of mounting studs 30 to which the back plane of the seat 
capsule is attached. The rotating head is attached through a ring bearing to a 
casing 32 which is in turn pivotalty mounted on stub axles 34 to a support pylon 
36. The support pylon is attached at a flange end by a plurality of bolts 38 to 
a cross head 40 of the support structure. 

25 Actuation of the rotating head is accomplished through an axle 42 which 

extends through the hollow support pylon to a universal joint not shown. In the 
casing the U-joint is in turn connected to the rotating head. Rotation of the axle 
and rotating head imparts rotational motion to the seat capsule about a roll axis 
44. 

30 Pivotal motion of the casing imparts motion to the seat capsule about a 

pitch axis defined by the stub axles. A lever arm 46 attached to the casing 

provides mechanical advantage for pivoting the casing. 

In the embodiment shown in the drawings the articulating member 

comprises a heavy duty truck trans axle manufactured by Deere & Company, 
35 Molina, Illinois, identified as the 1100 series. This trans axle provides the 

rotating components necessary for the articulating member with the necessary 
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universal joint on the drive axle and appropriate casting attachments. The lever 
arm 46 employs the existing steering link bar attachment for the trans axle. 

Operation of the articuSsting member allows complete 360 degree rotation 
of the seat capsule about the roll axis and in the embodiment shown 
approximately ±55 degrees of rotation in the pitch axis for a total capsule 
excursion of 1 10 degrees in the pitch plane. This is accomplished with a simple 
mechanical structure requiring only two power sources, one for rotation of the 
axle and a second for pivoting of the casing. 

Power for driving the axle to the rotating head in the embodiment shown 
in the drawings is provided through a gear reduction unit 48 driven by an electric 
motor. For the embodiment shown a Faik reducer designated unit size 525 is 
employed. An electric motor (not shown) drives the Falk reducer. Pivoting of 
the casing is accomplished through a linear actuator 50 attached to the lever arm 
through bearing 52. The linear actuator incorporates a ball screw jack 53 for 
extension and retraction of a drive rod 54. The screw jack is attached to the 
structural support through a mounting foot 56. In the embodiment shown in the 
drawings the ball and screw actuator employed is a screw jacs model 20HL BSJ. 

Load balancing for the ball screw pitch actuator is provided through an air 
actuator 58 attached through rod extension 60 to a second lever arm 62 on the 
casing. A compression tank not shown connected to the air actuator acts as a 
pressure reservoir receiving gas from the actuator during compression and 
providing gas to the actuator during expansion in response to motion by the ball 
screw actuator. A significant portion of the load of the seat capsule in the pitch 
axis is born by the air actuator relieving the torque requirements on the ball 
screw actuator for obtaining pitch motion. 

FIG. 3 shows the electrical system for operation of the flight simulator in 
block diagram form. A two axis motion controller 100 provides power control 
for the roll axis and pitch axis of the simulator. Position encoders provide 
feedback to the motion controller for closed loop operation. The roll axis channel 
102 of the motion controller provides a run enable signal 104 and velocity 
command signals 106 to a first servo power amplifier 108. The first servo 
power amplifier provides power to a first motor 110 which drives the reducer 48 
for roll axis motion of the simulator. The velocity command signal provided by 
the roll axis channel is plus minus 1 0 volts thereby providing magnitude and 
directional control for the servo power amplifier to drive the motor in a clockwise 
or counter-clockwise direction. A first encoder 1 12 provides position feedback 
from the first motor to the first servo power amplifier which provides an encoder 
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1 signal 114 to the roll axis channel. In addition a drive fault signal 116 is 

provided by the first servo power amplifier to the roll axis channel in the event 
a drive fault is detected. 

Similarly the pitch axis channel 118 provides a run enable signal 1 20 and 

5 velocity command signal 1 22 to a second servo power amplifier 1 24. The 

second servo power amplifier provides power to a second motor 1 26 operating 
the ball screw actuator for pitch motion of the simulator. A second encoder 1 28 
provides feedback information on position to the second servo power amplifier 
which in turn provides an encoder signal 130 to the pitch axis channel of the 

10 controller. As in the roil channel a drive fault signal 132 is provided by the 
second servo power amplifier to the pitch axis channel upon detection of a drive 
fault. 

In the embodiment shown in the drawings motion of the seat capsule 
simulates the flight of an aircraft. Inputs from the control stick 20 in the seat 

1 5 capsule are provided to a control computer 1 34 which calculates position and 
motion equations in time sequence based on the control inputs. Addition 
controls such as throttle may be employed for added realism in the simulation. 
The equations of motion derived by the computer are provided to the two axis 
motion controller through a first RS232 interface 1 36 to a first input port 1 38 

20 of the two axis motion controller. Input from the computer to the motion 
controller is in the form of pitch and roll axis position information. The two 
channels of the motion controller compare position information commanded by 
the computer with current encoded position and provide velocity commands to 
the servo power amplifiers to resolve position differences. 

25 In the present embodiment an XTAR Flight Dynamics Computer System 

Is employed to simulate aircraft flight. The XTAR flight dynamics system 
incorporates equations of motion to create seat capsule position and motion to 
simulate aircraft flight. The visual display in the seat capsule is also controlled 
by the equations of motion provided by the XTAR Flight Dynamics Computer. 

30 Power for the two axis motion controller is provided through a first power 

supply 140 which provides 24 volt DC input output power for the roll axis and 
pitch axis channels of the motion controller. A second power supply 142 
provides plus and minus 1 5 volt analog power for operation of the controller and 
5 volt DC power for logic serial port and encoder operation in the controller. 

35 System power for the servo power amplifiers is provided as 240 volt AC three 
phase power on line 144 and logic power on line 146. One hundred twenty volt 
AC power for the power supplies is provided on line 148. A relay interlock 
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1 system Is provided for safety in the system incorporated In the 1 20 volt AC 

power Input. A spring actuated normally open switch 1 50 provides power on 
control through a first relay h.?^ving input K1I and contacts KIR. Contacts K1 R 
provide power through line 1 52 to the system. Line 1 52 is also controlled by 

5 second relay contacts K2R controlled by input K2I from the two axis motion 

controller verifying operational input of the XTAR Flight Dynamics Computer. 
Interlocks on the run enable signals for the servo amplifiers are provided by relay 
inputs M1I and M2I and associated contacts MIR and M2R. These relays 
preclude run enable commands to the servo power amplifiers without proper 

1 0 power available to the motion controller. The run enable signals to the servo 
power amplifiers are provided through relays having inputs K3I and K4I with 
contacts K3R1 and K4R1 respectively. The pitch axis run enable signal 120 
provided through relay K4 also incorporates second contacts K4R2 controlling 
a brake solenoid for the pitch axis of the simulator system. The brake for the 

1 5 system comprises the air actuator 58 previously described with regard to FIG. 
1 . Closure of contacts K4R2 allows brake power supply 1 52 to actuate the 
solenoid exhausting pressure from the air actuator releasing the seat capsule for 
pitch motion. 

Deactivation of the system is accomplished by pressing the off switch 

20 1 56 which In turn deactivates relays K1 , Ml and M2 precluding run enable 
signals to the servo power amplifiers powering down the motion controller by 
opening contact KIR and removing power to the brake power supply thereby 
actuating the brake solenoid to pressurize the air actuator stabilizing the seat 
capsule in the pitch axis. 

25 In the embodiment shown in the drawings the motion controller 

Incorporates a second Input port 1 58 for an RS232 interface 1 60. A second 
computer 1 62 may be employed through the second RS232 interface for direct 
control of the motion controller in developing equations of motion for use in 
driving the actuators of the simulator system. Operation of the simulator using 

30 the acceleration development system computer allows proper motor velocities 
and hence accelerations to be developed to properiy simulate the desired motion. 

The electromechanical elements for actuation of the system disclosed in 
the embodiments of the drawing are replaced in alternative embodiments with 
hydraulic actuators. Replacement of the Falk reducer unit and Its electric motor 

35 with an appropriate hydraulic torque motor and replacement of the ball screw 
actuation system with appropriate hydraulic cylinders allows conversion of the 
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1 system from electromechanical to electrohydraulic operation with commensurate 

improvement in operation. 

Haying now described ^he invention as required by the patent statutes, 

those skilled in the art will recognize modifications and substitutions to the 
5 embodiments as disclosed for particular applications or requirements. Such 

modifications and substitutions are within the scope and intent of the present 

invention as defined by the following claims. 

10 
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1 WHAT IS CLAIMED IS 

1 . A motion simulator comprising: 

an occupant capsule incorporating seating for a patron and a 
5 control input operable by the patron; 

a support frame; 

an articulating means interconnecting the support frame and the 
occupant capsule, the articulating means rotatable through at least 360° about 
a roll axis; 

10 a means for rotating the articulating means about the roll axis 

responsive to the control input by the occupant; and 

a controller intermediate the rotation means and control input receiving 
the control input from the occupant capsule and applying defined rules of motion 
based on capsule position and control input and providing an output for control 

15 of the rotating means proportional thereto. 

2. A simulator as defined in claim 1 wherein the articulating means 
is further rotatable about a pitch axis and further comprising second means for 
rotating said articulating member in said pitch axis, said controller receiving 

20 control input from the occupant and applying equations of motion to said control 
input based on current capsule position and providing an output for control of the 
second means for rotating corresponding thereto. 

3. A simulator as defined in claim 2 further comprising visual 
25 simulation means mounted to the occupant capsule and providing a display 

corresponding to the outputs of the controller. 

. 4. A simulator as defined in claim 2 wherein the articulating member 
comprises a rotating head mounted to the seat capsule and carried by a casing 

30 supported by a pylon, said head engaging said casing through a first rotating 
member allowing rotation of the head about the roll axis and said casing pivotally 
mounted to the support pylon for rotation about the pitch axis. An axle 
extending through the support pylon and attached to the rotating head 
incorporating a universal joint proximate the pivot point of the casing and 

35 wherein the first means for rotating includes a motor engaging the axle for 
rotating said axle and the second means for rotating includes a linear actuator 
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1 interconnected to the casing through a lever extension and retraction of said 

linear actuator resulting in pivotal rotation of said casing. 

5. A simulator as defined in claim 4 wherein the motor comprises an 
5 electric motor and said linear actuator includes a ball screw driven by a second 

electric motor. 

6. A simulator as defined in claim 5 wherein the motor comprises a 
hydraulic torque motor and the linear actuator comprises a hydraulic cylinder. 

10 

7. A simulator as defined in claim 4 further comprising an air actuator 
connected through a second lever to the casing and a pressure reservoir 
interconnected to the air actuator for load balancing: 

15 



20 



25 



30 



35 



10- 




2/3 



'S 




INTERNATIONA^KARCH REPORT 



pcT^Pr; 



application No. 

706464 



A. CLASSinCATION OF SUBJECT MATTER 

IPC(5) :G09B 9/14 
US CL :434/30 

According to International Patent Classification GPC) or to both national classification and IPC 



B. nELDS SEARCHED 



Minimum documentation searched (classification systern followed by classification symbols) 
U^. : 434/29.30.38,43,51.55.58 



Documentatioa searched other lhan minimum documentation to the extent that such documents are included in the fields searched 
NONE 



Electronic data base consulted during the intemationat search (name of data base and, where practicable, search tenns used) 
NONE 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Cat^ory* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 
A 



US, A, 4,019,261, (PANCOE), 26April1977. See entire 
document. 

US, A, 3,281,962, (E. G, PANCOE), 01 November 1966. 
See entire document. 

US, A, 3,496,650, (C. B. KIMBALL ET AL), 24 February 
1970. See entire document. 

US, A, 3,584,429, (WADLOW), 15 June 1971, See entire 
document. 

US, A, 4,751,662, (CROSBIE), 14 June 1988. See entire 
document. 



1-3 
1-7 
1-7 
1-7 
1-7 



I I Further documents are listed in the continuation of Box C. Q See patent fcraUy annex. 



*A' il Miilili riiiiiiilliJ irnmlitilr nffhriil-liTTTTl--'' " — ' 

to te of pHttcuJw nkwiBM 

'E* outierdoamwotpublidMdooeraaerUwinleniatioeajriliafd^ 

"L* docHncatwIiidi miy ihiowdoufato on prions chine*) or whkh to 

dMd «B otaMtab Ihe publiMdM doM of uoibBr chukm or oitar 
ipeeiRl icuoD (at ve^fied) 

'O" ilnniinmt icfenfag to n enl dtodenie. um. wdubitioa or oihcr 



•X* 



hier docunxnl piibliilied after Uw inlemitkmAl fiUog dsu or priori^ 
dale«MS DMincoonklwUhlhesppUcalioobutcUai U> underaUadlhe 
pftedpte or iheoiy inderlytnf the javentiso 

i ty«i Tn— * of paiticvbr iclevaace: Uie cluiwd jnvcaiioo auuwt be 
eoaildcfcd Dovd or 0111001 bo eooMdcnd to involve w invcBthw up 
wbm the decuneot to ttkcn ■tone 

docunem of pwticubr retevaaee: Uie claimed fanreaiioa etaaei be 
coaidered to involve la inveniive step when the documeat to 

beii« obvieiB to > pcnon akiUed ia the ait 



*P* A r^^rr^t yttMU*yM* prinr In iKk mtrmatkuuil filmf dito btA tolg thflO 

Ib c priority d ole drnhncd 



doc 



MrofibsaaBBpMcai 



Date of the actual completun of the inteniationat search 
21 AUGUST 1994 



Date 



ofg,^^f^i^aj|oi 



iBtional search report 



Name and mailing address of the ISAAJS 
Com natti oiief of Patenis and Tradcmaiks 

Box per 

Waifafa«loii»O.C. 2Q231 
FacsimUe No. f703) 305-3230 



Authorized ofTicer 

JEFFREY A. SMITH 
Telephone No. f703) 30M588 



Fonn PCT/lSA/210 (second sheetKJuly i992)« 



